Studying the cell biological processes during converting the identities of specific cell types provides important insights into mechanism that maintain and protect cellular identities. The conversion of germ cells into specific neurons in the nematode Caenorhabditis elegans (C. elegans) is a powerful tool for performing genetic screens in order to dissect regulatory pathways that safeguard established cell identities. Reprogramming of germ cells to a specific type of neurons termed ASE requires transgenic animals that allow broad over-expression of the Zn-finger transcription factor (TF) CHE-1. Endogenous CHE-1 is expressed exclusively in two head neurons and is required to specify the glutamatergic ASE neurons fate, which can easily be visualized by the gcy-5prom::gfp reporter. A trans gene containing the heat-shock promoter-driven che-1 gene expression construct allows broad mis-expression of CHE-1 in the entire animal upon heat-shock treatment. The combination of RNAi against the chromatin-regulating factor LIN-53 and heat-shock-induced che-1 over-expression leads to reprogramming of germ cell into ASE neuron-like cells. We describe here the specific RNAi procedure and appropriate conditions for heat-shock treatment of transgenic animals in order to successfully induce germ cell to neuron conversion.
Introduction
Cell fate reprogramming by ectopic TF expression such as the myogenic TF MyoD, which, when overexpressed, converts fibroblasts directly into muscle-like cells 1 , has been a research focus for decades. However, differentiated cells are often refractory to this process, due to mechanisms that safeguard their cellular identity. Germ cells show a similar degree of protection and there are underlying mechanisms that often act as a barrier to prevent germ cell conversion into other cell types upon over-expression of a fate-inducing TF. Typically, epigenetic regulation such as histone modifications and chromatin structure imposes an impediment for the conversion of cell fates 2, 3 . We have previously applied reverse genetics using RNAi knock-downs in C. elegans and identified factors that safeguard cellular identities and thereby counteract reprogramming of germ cells into neurons 4 . Specifically, the polycomb repressive complex 2 (PRC2) and the highly conserved histone chaperone LIN-53 (CAF-1/ RBBP/4/7 in humans) prevent the direct conversion of germ cells into specific somatic cell types such as glutamatergic taste neurons in C. elegans 4, 5 . To identify these germ cell reprogramming barrier factors, we used transgenic animals carrying the heat-shock inducible Zn-finger TF CHE-1. CHE-1 is normally expressed in two head neurons of C. elegans, where it specifies the fate of glutamatergic taste neurons termed ASE 6 . The ASE neuron fate can be visualized by expression of the ASE-specific fluorescent reporter gcy-5prom::gfp. GCY-5 is a chemoreceptor only expressed in ASE right neuron 7 . Upon lin-53 depletion by RNAi and induction of broad ectopic expression of CHE-1 by heat-shock, germ cells can be converted into neurons in vivo 4, 5 . Importantly, timing of RNAi treatment is crucial as only adult worms (P0 generation) exposed to lin-53 RNAi give rise to F1 progeny animals with a germline that is permissive for reprogramming into neurons 4 .
The above-described germ cell to neuron conversion procedure in C. elegans can be used to study a variety of biological questions such as the implication of signaling pathways in cell fate reprogramming. For instance, we used the CHE-1-induced germ cell reprogramming into ASE neurons upon RNAi against lin-53 in order to study the implication of the Notch signaling pathway in the process of germ cell reprogramming 8 . By performing double RNAi to co-deplete lin-53 and the histone demethylase-encoding gene utx-1 we showed that the Notch signaling pathway counteracts PRC2-mediated gene silencing by activating expression of UTX-1 in the germline 8 . This finding demonstrates that the germ cell conversion to neurons described in this protocol could be used to study a complex biological process such as cellular reprogramming in an intact organism and in the context of different developmental and environmental conditions. Furthermore, it provides the perspective to challenge germ cells by over-expressing different fate-inducing TFs to study their role in restriction of cellular plasticity
Preparation of RNAi Plates
Note: C. elegans is typically cultured in the laboratory on 6 cm Petri plates containing 7.5 mL of Nematode Growth Medium Agar (NGMAgar) 10, 11 . This protocol is optimized for worms kept at 15 °C. To prepare plates with NGM, use standard sterile techniques to prevent fungal and bacterial contamination. The following is the protocol to prepare NGM plates supplemented with reagents for RNAi. . This clone allows IPTG-dependent production of lin-53 dsRNA in the bacteria.
1. Additionally, grow RNAi bacteria that contain the L4440 plasmid without any gene sequence as the empty vector control 14 .
3. The next day, pick a single colony from lin-53 or empty vector LB-agar plates using a 200 µL pipette tip and inoculate each of them into a separate culture tube containing 2 mL of liquid LB medium 14 supplemented with 50 µg/mL carbenicillin. Grow cultures overnight at 37 °C until they reach an optical density (OD) at 600 nm of 0.6 -0.8. Measure the OD using a spectrophotometer 15 . CAUTION: The liquid LB media should not contain tetracycline in contrast to the LB-agar plate used for streaking the bacteria from the glycerol stock, since inclusion of tetracycline during feeding leads to a decreased RNAi efficiency 12 4. Add 500 µL of each bacterial culture (lin-53 or empty vector) to 6 cm NGM-Agar RNAi plates using a multipipette. Incubate plates with a closed lid overnight at room temperature in the dark to dry. During this time, the IPTG in the NGM plates will induce production of dsRNA in the bacteria.
1. Use at least 3 plates per bacterial culture per experiment. This will provide 3 technical replicates for each experiment.
5. Store dried NGM-agar RNAi plates with bacteria at 4 °C in the dark for up to two weeks. 4 . Wash the worm pellet 3 times by adding 800 µL of M9 buffer and centrifuging at 900 x g. 5. Place the cleaned eggs on fresh NGM-plates seeded with OP50 bacteria. Grow a bleached population on OP50 bacteria at 15 °C until they reach L4 stage (approximately 4 days). L4 larvae can be recognized by a white patch approximately halfway along the ventral side of the worm 18 using a standard stereomicroscope.
Preparation of C. elegans Strain BAT28
Note: To achieve the germ cell to neuron conversion phenotype upon depletion of lin-53, it needs to be depleted in the parental generation (P0). The scoring for the conversion phenotype is undertaken in the following generation (filial generation F1). To achieve the deplete lin-53 already in the P0, L4 animals are subjected to RNAi. They can be clearly separated from the P0 animals since they are bigger and thicker than the F1 progeny.
1. Visually check under a standard stereomicroscope whether F1 progeny worms show the protruding vulva (pvul) phenotype as shown in Figure 1 . RNAi against lin-53 has pleiotropic effects and causes the pvul phenotype which can be used to assess whether RNAi against lin-53 has been successful. Note: RNAi against lin-53 can also cause lethality of F1 embryos. This effect increases if plates are exposed to higher degrees than 15°C before animals reached the L3 -L4 stage. Dead embryos can be recognized by arrested development and lack of hatching. 2. Incubate plates in the dark since IPTG is light sensitive.
Induction of Germ Cell Reprogramming
1. Incubate examined RNAi plates containing lin-53 and empty vector RNAi-treated F1 progeny for 30 min at 37 °C in the dark to activate CHE-1. Use a vented incubator since it allows for a more efficient heat-shock. 2. Allow heat-shocked animals to recover for 30 min at room temperature in the dark and then incubate plates at 25 °C overnight in the dark. Typically, around 30% of the animals show discrete GFP signals in the germline upon lin-53 depletion, whereas not more than 5% of the animals show diffuse GFP signals in the germline upon empty vector RNAi.
Representative Results
As shown in Figure 1 , F1 animals that exhibit the pvul phenotype illustrate successful application of lin-53 RNAi. These animals are prone to allow conversion of their germ cells into ASE neuron-like cells upon heat-shock induction of che-1 over-expression as illustrated in Figure 2 . In contrast to worms that grew on the control empty vector RNAi lin-53 RNAi treatment will yield animals that display ectopic GFP-signals in the mid-body area after heat-shock and 25 °C incubation overnight as described earlier 4, 8 . Closer examination under an epifluorescence microscope of these worms reveals that the cells showing GFP signals also display neuron-like projections ( Figure 2B , white arrows) that are typical for neuronal cells. If RNAi against lin-53 was not successful or heat-shock conditions were inappropriate GFP signals will resemble to those in control RNAi treated animals (Figure 2) . Importantly, avoid inducing over-expression of che-1 by heat induction before animals reach mid L3 stage. Animals that were too young at the time of che-1 overexpression induction can display ectopic gcy-5prom::gfp expression in other regions of the body such as the developing vulva as shown in Figure 3 
